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VOICE ANALYZER, VOICE ANALYSIS
SYSTEM, AND NON-TRANSITORY
COMPUTER READABLE MEDIUM STORING
PROGRAM

CROSS-REFERENCE TO RELAT
APPLICATIONS

gs
w

This application 1s based on and claims priority under 335
USC 119 from Japanese Patent Application No. 2012-211177

filed Sep. 235, 2012.

BACKGROUND

Technical Field

The present invention relates to a voice analyzer, a voice
analysis system, and a non-transitory computer readable
medium storing a program.

SUMMARY

According to an aspect of the invention, there 1s provided a
voice analyzer including: a voice information acquiring unit
that acquires information about voices acquired by a first
voice acquiring unit which acquires the voice and 1s worn by
a first wearer and a second voice acquiring unit which
acquires the voice and 1s worn by a second wearer from each
of the wearers; and a distance calculation unit that calculates
a distance between the first wearer and the second wearer on
the basis of (a) speaker 1dentification information, which 1s
information for determining whether the voice acquired by
the first voice acquiring unit and the voice which 1s the same
as that acquired by the first voice acquiring unit and 1is
acquired by the second voice acquiring unit are spoken by the
wearers or other persons, and (b) a phase difference between
sound waves with plural frequencies included 1n the voices.

BRIEF DESCRIPTION OF THE DRAWINGS

Exemplary embodiments of the present invention will be
described 1n detail based on the following figures, wherein:

FIG. 1 1s a diagram 1llustrating an example of the structure
ol a voice analysis system according to an exemplary embodi-
ment;

FI1G. 2 1s a diagram 1llustrating an example of the structure
of a terminal device according to this exemplary embodi-
ment,

FI1G. 3 1s a diagram 1illustrating the positional relationship
between the mouths (speaking parts) of a wearer and another
person and microphones;

FIG. 4 1s a diagram 1llustrating the relationship between
sound pressure (1nput volume) and the distance between the
microphone and a sound source;

FIG. 5 1s a diagram 1llustrating a method of identifying the
voice spoken by the wearer and the voice spoken by another
person;

FIG. 6 1s a diagram 1illustrating sound waves with various
frequencies included 1n the voice;

FIGS. 7A to 7C are diagrams illustrating the concept of the
phase difference between the sound waves at two frequencies
when the sound waves with two frequencies are selected;

FIG. 8 1s a flowchart 1llustrating the operation of the ter-
minal device according to this exemplary embodiment;

FI1G. 9 1s a diagram 1llustrating a method of calculating the
distance between two wearers when the two wearers talk with
each other:
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2

FIG. 10 1s a flowchart illustrating the operation of a host
device according to this exemplary embodiment;

FIG. 11 1s a diagram 1illustrating a first example 1n which
sound waves with three or more different frequencies are
selected from a spoken voice and the sound waves with each
frequency are used to calculate plural phase differences
between the sound waves;

FIG. 12 1s a diagram 1llustrating a periodic solution;

FIG. 13 1s a diagram 1llustrating a second example in which
sound waves with three or more different frequencies are
selected from the spoken voice and the sound waves with each
frequency are used to calculate plural phase differences
between the sound waves;

FIG. 14A 1s a diagram 1illustrating the calculated periodic
solution;

FIG. 14B 15 a partially enlarged view of FIG. 14A;

FIG. 15 1s a diagram 1illustrating the relationship between
the actually calculated distance and the distance between the
terminal devices; and

FIG. 16 1s a diagram 1illustrating the result according to an
example.

DETAILED DESCRIPTION

Example of Structure of System

FIG. 1 1s a diagram 1llustrating an example of the structure
ol avoice analysis system according to an exemplary embodi-
ment.

As shown 1n FIG. 1, a voice analysis system 1 according to
this exemplary embodlment includes a terminal device 10,
which 1s an example of a voice analyzer and a host device 20,
which 1s an example of the voice analyzer. The termmal
device 10 and the host device 20 are connected to each other
through a wireless communication line. For example, a line of
the known wireless communication system, such as a Wi-Fi
(Wireless Fidelity) (registered trademark) system, a Blue-
tooth (registered trademark) system, a ZigBee (registered
trademark) system, or a UWB (Ultra Wideband) system, may
be used as the wireless communication line. In the example
shown 1n FIG. 1, only one terminal device 10 1s provided.
However, 1n practice, each user wears and uses the terminal
device 10 and the terminal devices 10 corresponding to the
number of users are prepared, which will be described in
detail below. Hereinafter, the user who wears the terminal
device 10 1s referred to as a wearer.

The terminal device 10 includes plural microphones (a first
microphone 11 and a second microphone 12) which acquire a
voice and function as voice acquiring units worn by the
wearer and amplifiers (a first amplifier 13 and a second ampli-
fier 14). In addition, the terminal device 10 includes a voice
analysis unit 15 which analyzes the acquired voice, a data
transmitting unit 16 which transmits the analysis result to the
host device 20, and a power supply unit 17.

The first microphone 11 and the second microphone 12 (in
some cases, the first microphone 11 and the second micro-
phone 12 are referred to as the microphones 11 and 12 when
the first microphone 11 and the second microphone 12 are not
distinguished from each other) are positioned at different
distances from the mouth (speaking part) of the wearer. In this
exemplary embodiment, the first microphone 11 1s arranged
at a position (for example, about 35 cm) distant from the
mouth (speaking part) of the wearer and the second micro-
phone 12 1s arranged at a position ({or example, about 10 cm)
close to the mouth (speaking part) of the wearer. The existing
types of microphones, such dynamic-type microphones and
condenser-type microphones, may be used as the micro-
phones 11 and 12 according to this exemplary embodiment.
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In particular, a non-directional MEMS (Micro Electra
Mechanical Systems) microphone 1s preferable.

The first amplifier 13 and the second amplifier 14 amplify
clectric signals (voice signals) which are output according to
the voices acquired by the first microphone 11 and the second
microphone 12. The existing operational amplifiers may be
used as the first amplifier 13 and the second amplifier 14
according to this exemplary embodiment.

The voice analysis unit 135 analyzes the voice signals output
from the first amplifier 13 and the second amplifier 14. Then,
the voice analysis unit 15 determines whether the voice
acquired by the first microphone 11 and the second micro-
phone 12 1s spoken by the wearer of the terminal device 10 or
another person. In addition, the voice analysis unit 135 calcu-
lates a phase difference between sound waves with plural
frequencies 1included in the voice. The voice analysis unit 15
functions as a speaker identification unit that determines
whether the voice acquired by the microphones 11 and 12 1s
spoken by the wearer or a person other than the wearer, which
will be described 1n detail below. In addition, the voice analy-
s1s unit 15 functions as a phase difference calculation unit that
calculates the phase diflerence between the sound waves with
plural frequencies which are included in the voice acquired by
the microphones 11 and 12.

The data transmitting unit 16 transmits a terminal ID and
the acquired data including the analysis result of the voice
analysis unit 15 to the host device 20 through the wireless
communication line. Examples of the information to be trans-
mitted to the host device 20 may include information about
the time when the first microphone 11 and the second micro-
phone 12 acquire the voice and the sound pressure of the
acquired voice, 1n addition to the analysis result, according to
the content of the process of the host device 20. In addition, a
data storage unit which stores the analysis result of the voice
analysis unit 15 may be provided in the terminal device 10 and
data which 1s stored for a predetermined period of time may
be collectively transmitted. The data may be transmitted
through a wired line. In this exemplary embodiment, the data
transmitting unit 16 functions as a voice mformation trans-
mitting unit that transmits information about the voice includ-
ing information about speaker 1dentification (speaker 1denti-
fication information) from the speaker identification unit and
information about the phase difference calculated by the
phase ditference calculation unait.

The power supply unit 17 supplies power to the first micro-
phone 11, the second microphone 12, the first amplifier 13,
the second amplifier 14, the voice analysis unit 135, and the
data transmitting unit 16. The existing power supply unit,
such as a dry battery or a charging battery, 1s used as the power
supply unit. In addition, the power supply unit 17 includes the
known circuits, such as a voltage conversion circuit and a
charging control circuit, if necessary.

The host device 20 includes a data recerving unit 21 which
recetves data transmitted from the terminal device 10, a data
storage unit 22 which stores the received data, a data analysis
unit 23 which analyzes the stored data, and an output unit 24
which outputs the analysis result. The host device 20 1s imple-
mented by, for example, an mmformation processing device
such as a personal computer. As described above, in this
exemplary embodiment, plural terminal devices 10 are used
and the host device 20 receives data from each of the plural
terminal devices 10.

The data recerving unit 21 corresponds to the wireless line,
recerves data from each of the terminal devices 10, and trans-
mits the received data to the data storage unit 22. In this
exemplary embodiment, the data receiving unit 21 functions
as a voice information acquiring unit that acquires informa-
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tion about the voice acquired by the microphones 11 and 12
which acquire voices and are worn by a first wearer and
information about the voice acquired by the microphones 11
and 12 which acquire voices and are worn by a second wearer
from each of the wearers, which will be described 1n detail
below. The data storage unit 22 1s implemented by, for
example, a storage device, such as a magnetic disk device of
the personal computer, and stores the recerved data acquired
from the data recerving unit 21 according to speakers. In this
exemplary embodiment, the speaker 1s identified by compar-
ing the terminal ID transmitted from the terminal device 10
with speaker information and the terminal ID which are reg-
i1stered 1n the host device 20 i1n advance. In addition, the
terminal device 10 may transmit wearer information, such as
the name of the wearer, instead of the terminal ID.

The data analysis unit 23 1s implemented by, for example,
a CPU which 1s controlled by programs of the personal com-
puter and analyzes the data stored 1n the data storage unit 22.
The detailed analysis content and analysis method are
changed 1n various ways depending on the purpose or aspect
of use of the system according to this exemplary embodiment.
For example, the data analysis unit 23 analyzes the frequency
of the conversation between the wearers of the terminal
devices 10 or the tendency of the conversation partner of each
wearer, or analogizes the relationship with the person which
talks with the wearer from information about the length or
sound pressure of each speech during conversation. In this
exemplary embodiment, the data analysis unit 23 functions as
a distance calculation umt that calculates the distance
between the first wearer and the second wearer on the basis of
the speaker 1dentification information, which 1s information
for determining whether the voice which 1s acquired by the
microphones 11 and 12 worn by the first wearer and the voice
which 1s the same as that acquired by the microphones 11 and
12 worn by the first wearer and 1s acquired by the micro-
phones 11 and 12 worn by the second wearer are spoken by
the wearers or other persons, and the phase difference
between the sound waves with plural frequencies included in
the voices, which will be described 1n detail below.

The output unit 24 outputs the analysis result of the data
analysis unit 23 or outputs data based on the analysis result.
As means for outputting the analysis result, various kinds of
means, such as the display of the analysis result, the printing
of the analysis result by a printer, and a voice output, may be
used according to the purpose or aspect of use of the system
and the content or form of the analysis result.

Example of Structure of Terminal Device

FIG. 2 1s a diagram 1illustrating an example of the structure
of the terminal device 10. As described above, the terminal
device 10 1s worn and used by each user. As shown in FIG. 2,
in order to enable the user to wear the terminal device 10, the
terminal device 10 according to this exemplary embodiment
includes a device body 30 and a carrying strap 40 which 1s
connected to the device body 30. In the structure shown 1n
FIG. 2, the user hangs the carrying strap 40 and wears the
device body 30 around the neck.

The device body 30 1s configured by 1nserting circuits for
implementing at least the first amplifier 13, the second ampli-
fier 14, the voice analysis unit 15, the data transmitting unit
16, and the power supply unit 17 and a power supply (battery)
for the power supply unit 17 1nto a thin rectangular parallel-
epiped case 31 made of, for example, metal or resin. The case
31 may be provided with a pocket into which, for example, an
ID card having ID information, such as the name or position
of the wearer, on the surface thereof 1s inserted. In addition,
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the ID information may be printed on the surface of the case
31, or aseal having the ID information described thereon may
be attached to the case 31.

The microphones 11 and 12 are provided in the carrying
strap 40. The microphones 11 and 12 are connected to the first
amplifier 13 and the second amplifier 14 in the device body 30
by a cable (for example, a wire) which passes through the
carrying strap 40. The carrying strap 40 may be made of
various kinds of existing materials, such as leather, synthetic
leather, cotton, other natural fibers, synthetic fibers including
resin, and metal. In addition, a coating process using, for
example, a silicon resin or a tluorine resin may be performed
tor the carrying strap 40.

The carrying strap 40 has a cylindrical structure and the
microphones 11 and 12 are provided 1n the carrying strap 40.
Since the microphones 11 and 12 are provided in the carrying
strap 40, the damage or contamination of the microphones 11
and 12 1s prevented and the person who talks with the wearer
does not recognize the microphones 11 and 12. The first
microphone 11 which 1s arranged at the position distant from
the mouth (speaking part) of the wearer may be provided in
the device body 30. In this exemplary embodiment, an
example 1n which the first microphone 11 1s provided 1n the
carrying strap 40 will be described.

Referring to FIG. 2, the first microphone 11 1s provided at
the end of the carrving strap 40 connected to the device body
30 (for example, a position that 1s 10 cm or less away from a
connection portion). In this way, the first microphone 11 1s
arranged at the position that 1s about 30 cm to about 40 cm
away from the mouth (speaking part) of the wearer when the
wearer wears the carrying strap 40 around the neck with the
device body 30 down. When the first microphone 11 1s pro
vided 1n the device body 30, similarly, the distance from the
mouth (speaking part) of the wearer to the first microphone 11
1s the same as the above.

The second microphone 12 1s provided at a position (for
example, a position that 1s about 20 cm to about 30 cm away
from the connection portion) that 1s away from the end of the
carrying strap 40 connected to the device body 30. In this
case, when the wearer wears the carrying strap 40 around the
neck with the device body 30 down, the second microphone
12 1s disposed at the bottom of the neck (for example, a
position corresponding to the collarbone) of the wearer and 1s
arranged at the position that 1s about 10 cm to about 20 cm
away from the mouth (speaking part) of the wearer.

The terminal device 10 according to this exemplary
embodiment 1s not limited to the structure shown 1n FIG. 2.
For example, the positional relationship between the first
microphone 11 and the second microphone 12 may be speci-
fied such that the distance of a sound wave arrival path from
the first microphone 11 to the mouth (speaking part) of the
wearer 1s about several times more than that of a sound wave
arrival path from the second microphone 12 to the mouth
(speaking part) of the wearer. Theretore, the first microphone
11 may be provided 1n a portion of the carrying strap 40 which
1s positioned on the rear side of the neck. In addition, 1n this
exemplary embodiment, as described above, the microphones
11 and 12 are provided 1n the carrying strap 40. However, the
invention 1s not limited to the structure, but the microphones
11 and 12 may be worn by the wearer in various ways. For
example, the first microphone 11 and the second microphone
12 may be imndependently fixed to clothes by, for example,
pins. In addition, a dedicated fixing tool which 1s designed
such that the first microphone 11 and the second microphone
12 are fixed at desired positions may be prepared and used to
fix the first microphone 11 and the second microphone 12.
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As shown1n FIG. 2, the device body 30 1s not limited to the
structure 1n which it 1s connected to the carrying strap 40 and
1s worn around the neck of the wearer, but may be configured
sO as to be easy to carry. For example, the device body 30 may
be configured so as to be fixed to clothes or the body by a clip
or a belt, not the carrying strap 40 according to this exemplary
embodiment. Alternatively, the device body 30 may be sim-
ply put into the pocket and carried. In addition, mobile phones
or other existing portable electronic mnformation terminals
may be configured so as to have a function of receiving voice
signals from the microphones 11 and 12, amplitying the
received voice signals, and analyzing the amplified voice
signals.

Furthermore, the microphones 11 and 12 and the device
body 30 (or the voice analysis unit 15) may not be connected
to each other by a wire, but may be connected to each other by
wireless communication. In the above-mentioned example of
the structure, the first amplifier 13, the second amplifier 14,
the voice analysis unit 135, the data transmitting unit 16, and
the power supply unit 17 are provided 1n one case 31. How-
ever, they may be configured as plural components. For
example, the power supply unit 17 may not be provided in the
case 31, but may be connected to an external power supply for
use.

Identification of Speakers (Wearer and Others) Based on
Non-verbal Information of Acquire Voice

Next, a speaker identification method according to this
exemplary embodiment will be described.

The system according to this exemplary embodiment 1den-
tifies the voice (wearer’s spoken voice) spoken by the wearer
of the terminal device 10 and the voice spoken by another
person using the voice information acquired by two micro-
phones 11 and 12 of the terminal device 10. In other words,
this exemplary embodiment identifies the speaker of the
acquired voice. In addition, 1n this exemplary embodiment,
the speaker 1s 1dentified on the basis of non-verbal informa-
tion, such as sound pressure (volume input to the micro-
phones 11 and 12), not language information obtained by
morpheme analysis or dictionary information, among infor-
mation 1tems about the acquired voice. That 1s, the speaker of
the voice 1s 1dentified from a speaking situation specified by
non-verbal information, not the content of speech specified
by the language information.

As described with reference to FIGS. 1 and 2, in this
exemplary embodiment, the first microphone 11 of the termi-
nal device 10 1s arranged at the position distant from the
mouth (speaking part) of the wearer and the second micro-
phone 12 1s arranged at the position close to the mouth (speak-
ing part) of the wearer. That 1s, when the mouth (speaking
part) of the wearer 1s a sound source, there 1s a large difference
between the distance between the first microphone 11 and the
sound source and the distance between the second micro-
phone 12 and the sound source. Specifically, the distance
between the first microphone 11 and the sound source 1s about
1.5 to 4 times more than the distance between the second
microphone 12 and the sound source. The sound pressure of
the voice acquired by the microphones 11 and 12 1s attenuated
(distance attenuation) as the distance between the micro-
phones 11 and 12 and the sound source increases. Therefore,
for the voice spoken by the wearer, there 1s a large difference
between the sound pressure of the voice acquired by the first
microphone 11 and the sound pressure of the voice acquired
by the second microphone 12.

It 1s considered that the mouth (speaking part) of a person
(another person) other than the wearer 1s the sound source. In
this case, since another person 1s away from the wearer, there
1s no large difference between the distance between the first
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microphone 11 and the sound source and the distance
between the second microphone 12 and the sound source.
There may be a difference between the distances depending
on the position of another person relative to the wearer. How-
ever, 1inthis case, unlike when the mouth (speaking part) of the
wearer 1s the sound source, the distance between the first
microphone 11 and the sound source 1s not several times more
than the distance between the second microphone 12 and the
sound source. Therefore, for the voice spoken by another
person, there 1s no large difference between the sound pres-
sure ol the voice acquired by the first microphone 11 and the
sound pressure of the voice acquired by the second micro-
phone 12, unlike the voice spoken by the wearer.

FIG. 3 1s a diagram 1llustrating the positional relationship
between the mouths (speaking part) of the wearer and another
person and the microphones 11 and 12. In the relationship
shown 1n FIG. 3, 1t 1s assumed that the distance between a
sound source a, which 1s the mouth (speaking part) of the
wearer, and the first microphone 11 1s Lal and the distance
between the sound source a and the second microphone 12 1s
[La2. In addition, 1t 1s assumed that the distance between a
sound source b, which 1s the mouth (speaking part) of another
person, and the first microphone 11 1s Lbl and the distance
between the sound source b and the second microphone 12 1s
Lb2. In this case, the following relationship 1s established:

Lal>La2(Lal~1.5xLa2~4xLa2)

Lbl=Lb2

FIG. 4 1s a diagram 1llustrating the relationship between
sound pressure (1nput volume) and the distance between the
microphones 11 and 12 and the sound source. As described
above, the sound pressure 1s attenuated according to the dis-
tance between the microphones 11 and 12 and the sound
source. In FIG. 4, when sound pressure Gal at the distance
Lal 1s compared with sound pressure Ga2 at the distance La2,
the sound pressure Ga2 1s about four times more than the
sound pressure Gal. Since the distance Lb1 1s approximate to
the distance Lb2, sound pressure Gbl at the distance Lbl 1s
substantially equal to sound pressure Gb2 at the distance Lb2.
In this exemplary embodiment, the voice spoken by the
wearer and the voice spoken by another person in the acquired
voice are 1dentified using a difference 1n the sound pressure
rat10. In the example shown 1n FIG. 4, the distances Lb1 and
L.b2 are 60 cm. However, 1t 1s important that the sound pres-
sure Gb1 and the sound pressure Gb2 are substantially equal
to each other, but the distances b1 and L.b2 are not limited to
the value shown 1n FIG. 4.

FI1G. 5 1s a diagram 1llustrating a method of identifying the
voice spoken by the wearer and the voice spoken by another
person. As described with reference to FIG. 4, for the voice
spoken by the wearer, the sound pressure Ga2 of the second
microphone 12 1s several times (for example, four times)
more than the sound pressure Gal of the first microphone 11.
For the voice spoken by another person, the sound pressure
(a2 of the second microphone 12 1s substantially equal to
(about one time more than) the sound pressure Gal of the first
microphone 11. Therefore, 1n this exemplary embodiment, a
threshold value 1s set for the ratio of the sound pressure of the
second microphone 12 to the sound pressure of the first
microphone 11. A voice with a sound pressure ratio greater
than the threshold value 1s determined to be the voice spoken
by the wearer and a voice with a sound pressureratio less than
the threshold value 1s determined to be the voice spoken by
another person. In the example shown 1n FI1G. 5, the threshold
value 1s set to 2. Since the sound pressure ratio Ga2/Gal 1s
greater than a threshold value of 2, the voice 1s determined to
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be the voice spoken by the wearer. Since the sound pressure
ratio Gb2/Gb1 1s less than a threshold value of 2, the voice 1s
determined to be the voice spoken by another person.
However, the voice acquired by the microphones 11 and 12
includes so-called noise, such as an environmental sound, 1n
addition to the spoken voice. The relationship between the
sound source of the noise and the distance between the sound
source and the microphones 11 and 12 1s similar to that 1n the
voice spoken by another person. That 1s, similarly to the
example shown 1n FIGS. 4 and 5, when the distance between
a sound source ¢ of noise and the first microphone 11 1s Lcl
and the distance between the sound source ¢ of noise and the
second microphone 12 1s Lc2, the distance Lcl 1s approxi-
mate to the distance L¢2. Therefore, in many cases, the sound
source ol noise 1s further away from the wearer than another
person and the sound pressure ratio Gc¢2/Gcel of the voices
acquired by the microphones 11 and 12 1s less than a second
threshold value. However, the noise 1s separated and removed
from the spoken voice by a filtering process using the existing

technique which uses, for example, a bandpass filter or a gain
filter.

Phase Difference Between Sound Waves with Plural Fre-
quencies Included 1n Voice

Next, amethod of calculating the phase difference between
the sound waves with plural frequencies included 1n the voice
in this exemplary embodiment will be described. FIG. 6 1s a
diagram 1illustrating the sound waves with various frequen-
cies included 1n the voice. FIG. 6 shows a power spectrum
when a sound “a” 1s spoken as an example of the voice. In
FIG. 6, the horizontal axis indicates a frequency (Hz) after
Fourier transform 1s performed for the voice and the vertical
axis indicates an amplitude. As can be seen from the power
spectrum shown 1n FIG. 6, the sound wave included in the
voice includes a sound wave component with a fundamental
frequency of about 117 Hz and sound wave components with
frequencies that are an mteger multiple of the fundamental
frequency. In FIG. 6, the sound wave component with the
fundamental frequency 1s represented by (1) and the sound
wave components with frequencies that are an iteger mul-
tiple of the fundamental frequency are represented by (11),
(111), (1v), (v), (v1), (vi1), (vi11), and (1x). In this case, the pitch
between the frequencies of the sound waves represented by (1)
to (1x) 1s about 117 Hz.

In this exemplary embodiment, plural frequencies included
in the voice are selected. The phase difference between the
sound waves at each of the frequencies 1s calculated. FIGS.
7A to 7C are diagrams 1illustrating the concept of the phase
difference between the sound waves at two frequencies when
the sound waves with two frequencies are selected. FIG. 7A 1s
the power spectrum shown in FIG. 6. FIG. 7B shows the
wavelorms of the sound waves, in which the horizontal axis
indicates time and the vertical axis indicates an amplitude.
Among the sound waves, the wavelorm of a sound wave
represented by “m1” 1s the waveform of the sound wave with
the fundamental frequency which 1s represented by (1) 1n FIG.
6. The waveform of a sound wave represented by “w2” 1s the
wavelorm of the sound wave with a frequency that 1s an
integer multiple of the fundamental frequency which 1s rep-
resented by (11) 1n FIG. 6. As shown 1n FIG. 7B, “o1” and
“m2” are sine waves.

In addition, “w2-wl1” indicates the phase difference
between the sound wave represented by “wl” and the sound
wave represented by “w2”. That 1s, since the sound wave
represented by “w1” and the sound wave represented by “w2”
have different frequencies, the phase difference therebetween
1s changed at a constant ratio over time. As a result, as shown
in FIG. 7C, the phase difference 1s periodically changed
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between 0 and 27t and may be shown as a virtual sine wave as
represented by “w2-w1”. That 1s, the wave “®2-w1” indi-
cates how the phase difference between the sound waves with
two frequencies 1s changed over time.

In the above-mentioned example, in FIG. 6, the sound
wave with the frequency represented by (1) and the sound
wave with the frequency represented by (11) are combined
with each other and the phase difference therebetween 1s
considered. However, for the combination, for example, two
ol the sound waves with the frequencies represented by (1) to
(1x) 1n FIG. 6 are selected. That 1s, 1n this exemplary embodi-
ment, FIGS. 7A to 7C, two of the frequencies forming the
peaks are selected. However, the invention i1s not limited
thereto, but an arbitrary frequency which does not form the
peak may be selected.

Example of Operation of Terminal Device

FIG. 8 1s a flowchart 1llustrating the operation of the ter-
minal device 10 according to this exemplary embodiment. As
shown in FIG. 8, when the microphones 11 and 12 of the
terminal device 10 acquire a voice, an electric signal (voice
signal) corresponding to the acquired voice 1s transmitted
from each of the microphones 11 and 12 to the first amplifier
13 and the second amplifier 14 (Step 101). When acquiring
the voice signal from the microphones 11 and 12, the first
amplifier 13 and the second amplifier 14 amplily the signal
and transmit the amplified signal to the voice analysis unit 15
(Step 102).

The voice analysis unit 15 performs a filtering process for
the signal amplified by the first amplifier 13 and the second
amplifier 14 and removes a noise component, such as an
environmental sound, from the signal (Step 103). Then, the
voice analysis unit 15 calculates the average sound pressure
of the voice acquired by each of the microphones 11 and 12
for the signal from which the noise component has been
removed at a predetermined time interval (for example, tenths
to hundredths of a second) (Step 104). Then, the voice analy-
s1s unit 15 determines whether the average sound pressure 1s
equal to or greater than a given threshold value (whether there
1s a gain) (Step 105).

Then, when there 1s the gain of the average sound pressure
of each of the microphones 11 and 12 calculated 1n Step 104
(Yes 1n Step 103), the voice analysis unit 15 determines that
there 1s a spoken voice (speech has been made). Then, the
voice analysis unit 15 calculates the ratio of the average sound
pressure of the first microphone 11 and the average sound
pressure of the second microphone 12 (sound pressure ratio)
(Step 106). When the sound pressure ratio calculated 1n Step
106 15 greater than the threshold value (Yes in Step 107), the
voice analysis unit 15 determines that the spoken voice 1s of
the wearer (Step 108). When the sound pressure ratio calcu-
lated 1n Step 106 1s less than the threshold value (No 1n Step
107), the voice analysis unit 15 determines that the spoken
voice 1s of another person (Step 109). On the other hand,
when there 1s no gain of the average sound pressure of each of
the microphones 11 and 12 calculated in Step 104 (No 1n Step
105), the voice analysis unit 15 determines that there 1s no
spoken voice (speech has not been made) (Step 110).

Then, the voice analysis unit 15 performs fast Fourier
transform (FFT) for the spoken voice to create the power
spectrum shown 1n FIG. 6 (Step 111). In addition, the voice
analysis unit 15 selects plural frequencies from the power
spectrum (Step 112) and calculates the phase difference
between the sound waves at each of the selected frequencies
(Step 113).

Then, the voice analysis umt 15 transmits information
obtained 1n the process from Step 104 to Step 113 as the
analysis result to the host device 20 through the data trans-
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mitting unit 16 (Step 114). Examples of the analysis result
include information indicating whether speech 1s made, infor-
mation (terminal ID) about the wearer, speaker 1dentification
information, which 1s information for determiming whether
the voice acquired by the microphones 11 and 12 1s the voice
spoken by the wearer or the voice spoken by a person other
then the wearer, the frequency of the voice selected 1 Step
112, and the phase difference between the sound waves cal-
culated 1n Step 113. In this case, the duration of the speaking
time of each speaker (the wearer or another person), the value
of the gain of the average sound pressure, and other additional
information may be transmitted together with the analysis
result to the host device 20.

In this exemplary embodiment, the sound pressure of the
first microphone 11 1s compared with the sound pressure of
the second microphone 12 to determine whether the spoken
voice 1s the voice spoken by the wearer or the voice spoken by
another person. However, this exemplary embodiment 1s not
limited thereto, but it 1s preferable that the speaker be 1denti-
fied without analyzing the language information. A method of
identifying the speaker on the basis ol non-verbal information
1s not limited to the comparison of the sound pressure. For
example, the time when the first microphone 11 acquires the
voice (the output time of the voice signal) may be compared
with the time when the second microphone 12 acquires the
voice. In this case, for the voice spoken by the wearer, since
there 1s a large difference between the distance from the
mouth (speaking part) of the wearer to the first microphone 11
and the distance from the mouth (speaking part) of the wearer
to the second microphone 12, there 1s a little difference (time
difference) between the voice acquisition times. On the other
hand, for the voice spoken by another person, since there 1s a
small difference between the distance from the mouth (speak-
ing part) of another person to the first microphone 11 and the
distance from the mouth (speaking part) of another person to
the second microphone 12, the difference (time difierence)
between the voice acquisition times 1s less than that for the
voice spoken by the wearer. A threshold value may be set to
the difference between the voice acquisition times, it may be
determined that the wearer speaks the voice when the differ-
ence between the voice acquisition time 1s greater than the
threshold value, and 1t may be determined that another person
speaks the voice when the difference between the voice acqui-
sition time 1s less than the threshold value.

Calculation of Distance between Wearers-First Exemplary
Embodiment

The data recerving unit 21 of the host device 20 recerves
information about a voice including information about the
analysis result. When the host device 20 receives the infor-
mation about a voice, the data analysis unit 23 analyzes the
voices transmitted from plural terminal devices 10 and cal-
culates the distance between the wearers. Next, a detailed
method of calculating the distance between the wearers 1n this
exemplary embodiment will be described. Here, a case 1n
which two wearers talk with each other 1s considered.

FIG. 9 1s a diagram 1illustrating the method of calculating
the distance between two wearers when the two wearers talk
with each other. In FIG. 9, there are a wearer A (first wearer)
and a wearer B (second wearer) as two wearers and the wearer
A speaks. For convenience of explanation, here, it 1s assumed
that the terminal device 10 worn by the wearer A 1s referred to
as a terminal device 10A. In addition, 1t 1s assumed that the
terminal device 10 worn by the wearer B 1s referred to as a
terminal device 10B. In this case, the microphones 11 and 12
provided in the terminal device 10 A may be regarded as a first
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voice acquiring unit and the microphones 11 and 12 provided
in the terminal device 10B may be regarded as a second voice
acquiring unit.

FIG. 10 shows an aspect in which that the voice spoken by
the wearer A includes sound waves with different frequen-
cies, that 1s, a sound wave represented by “w1” and a sound
wave represented by “w2” and the sound waves travel toward
the terminal device 10A and the terminal device 10B. In this
case, as described with reference to FI1G. 7, a virtual sine wave
represented by “w2-wl1” 1s obtained from the sound wave
represented by “wl1” and the sound wave represented by

®2”. In this situation, the voice spoken by the wearer A may
be first acquired by the terminal device 10A of the wearer A
over time. Then, the voice may be acquired by the terminal
device 10B of the wearer B. Then, the terminal device 10A
and the terminal device 10B may obtain the phase difference
between the sound wave represented by “w1” and the sound
wave represented by “w2”. In other words, it 1s possible to
obtain the phase of the sine wave represented by “w2-m1”.

The data recerving unit 21 receives the phase of the sine
wave represented by “mw2-mwl” and transmits the phase to the
data analysis unit 23. The frequency of the sine wave repre-
sented by “m2-m1” 1s the difference between the frequency of
the sound wave represented by “w1” and the frequency of the
sound wave represented by “w2”. The sound speed may be
calculated from, for example, the temperature or pressure of
the space including the wearer A and the wearer B. Since the
wavelength of the sine wave represented by “w2-wl1™ 1s
known, 1t 1s possible to calculate the distance between the
terminal device 10A and the terminal device 10B on the basis
of the phase of the sine wave represented by “w2-m1”. Since
the distance 1s substantially equal to the distance between the
wearer A and the wearer B, it may be regarded as the distance
between the wearers (the distance between the first wearer
and the second wearer). That 1s, here, the phase with the phase
difference which 1s calculated when the voice spoken by one
(Wearer A) of plural wearers 1s acquired as the wearer’s own
voice 1s compared with the phase with the phase difference
which 1s calculated when the voice 1s acquired as the voice
spoken by another person to calculate the distance between
the wearers. In other words, when the microphones 11 and 12
of the wearer A acquire the voice as the voice spoken by the
wearer A and the microphones 11 and 12 of the wearer B
acquire the same voice as that acquired by the microphones
11 and 12 of the wearer A as the voice spoken by another
person, 1t 1s possible to calculate the distance between the
wearer A and the wearer B on the basis of the phases with the
phase difference which 1s calculated from the voice.
Example of Operation of Host Device

FI1G. 10 1s a tlowchart illustrating the operation of the host
device 20 according to this exemplary embodiment. Next, the
operation of the host device 20 according to this exemplary
embodiment will be described with reference to FIGS. 1 and
10. First, the data recerving unit 21 recerves information about
a voice 1ncluding speaker 1dentification information, the fre-
quency of the voice selected 1 Step 112 of FIG. 8, and the
phase difference between the sound waves calculated 1n Step
113 from plural terminal devices 10 (Step 201). Then, the
information 1s stored in the data storage umt 22 (Step 202).

Then, the data analysis unit 23 analyzes the voices trans-
mitted from the terminal devices 10 of plural wearers and
calculates the distance between the wearers. In order to deter-
mine the conversation relationship between the wearers, first,
the data analysis unit 23 detects the voice which 1s determined
to be the voice spoken by the wearer on the basis of the
speaker 1dentification information transmitted from the ter-
minal devices 10 (Step 203). Then, the data analysis unit 23
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acquires the phase difference between the sound waves for the
spoken voice which 1s detected as the voice spoken by the
wearer (Step 204).

In addition, the data analysis umit 23 detects the voice
which 1s determined to be the voice spoken by another person
in correspondence with the voice which 1s detected as the
voice spoken by the wearer (Step 203). For example, the data
analysis umt 23 may detect data for the voice spoken by
another person which i1s substantially synchronized with the
on and off timing of the voice spoken by the wearer in Step
203. In addition, the data analysis unmit 23 acquires the phase
difference between the sound waves for the spoken voice
which 1s detected as the voice spoken by another person (Step
206).

Then, the data analysis unit 23 calculates the distance
between the wearers from the frequency of the voice when the
phase difference 1s acquired, the difference between the phase
differences acquired 1n Step 204 and Step 206, and the sound
speed (Step 207).

In this way, 1t 1s possible to calculate the distance between
the wearers who wear the terminal devices 10. Then, 1t 1s
possible to analyze the communication tendency of each
wearer on the basis of the distance.

In the method according to the related art which simply
obtains the phase of the sound wave propagating from the
wearer A to the wearer B to calculate the distance between the
wearers, 1t 1s necessary to know the absolute phase of the
sound wave. In addition, 1t 1s necessary to strictly know the
time when the phase of the sound wave 1s acquired. That 1s,
for a sound wave with a predetermined frequency, the follow-
ing are needed: the time when the voice 1s acquired by the
terminal device 10A of the wearer A and the absolute phase of
the sound wave; and the time when the voice 1s acquired by
the terminal device 10B of the wearer B and the absolute
phase of the sound wave. However, accurate measurement 1s
needed 1 order to acquire the absolute phase. In many cases,
in general, 1t 1s difficult to accurately measure the acquisition
time. For example, clocks may be provided in the terminal
device 10 A and the terminal device 10B and the voice acqui-
sition time may be measured by the clock. This 1s because it
1s necessary to strictly synchronize the clocks of the terminal
device 10A and the terminal device 10B.

In contrast, 1n this exemplary embodiment, for the sound
waves with two frequencies, 1t 1s preferable to know the phase
difference ofthe voice acquired by the terminal device 10A of
the wearer A and the phase difference of the voice acquired by
the terminal device 10B of the wearer B, in addition to the
speaker 1dentification information. Therefore, it 1s not neces-
sary to know the voice acquisition time or the absolute phase.
The phase difference of the voice may be acquired by simple
calculation such as subtraction.

In the above-mentioned example, the terminal device 10
identifies the voice spoken by the wearer and the voice spoken
by another person or calculates the phase difference between
the sound waves. However, the mvention 1s not limited
thereto. The host device 20 may perform the identification of
the voice and the calculation of the phase difference. In the
voice analysis system 1 according to this exemplary embodi-
ment, as compared to the voice analysis system shown in FIG.
1, the data analysis unit 23 of the host device 20 performs the
process of identifying the voice spoken by the wearer and the
voice spoken by another person which has been performed by
the voice analysis unit 15.

In the above-mentioned example, the terminal device 10
identifies the voice spoken by the wearer and the voice spoken
by another person. However, the invention i1s not limited
thereto. For example, any device which can identity the voice
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spoken by the wearer and the voice spoken by another person
may be used. For example, a directional microphone may be
used, and the voice spoken by the wearer and the voice spoken
by another person may be identified using the fact that the
sound pressure acquired by the directional microphone varies
depending on the arrival direction of the spoken voice. In this
case, the directional microphone functions as a voice acquir-
ing unit.

Calculation of Distance between Wearers-Second Exemplary
Embodiment

In the above-mentioned example, for ease of understand-
ing, the sound waves with two different frequencies are
selected from the spoken voice and a phase difference
between the two sound waves 1s calculated. However, the
invention 1s not limited thereto. FIG. 11 1s a diagram 1llus-
trating a first example 1n which sound waves with three or
more different frequencies are selected from a spoken voice
and plural phase differences between the sound waves are
calculated using the sound waves with diflerent frequencies.
FIG. 11 shows a case 1n which, among the sound waves with
frequencies represented by (1) to (1x), the sound waves with
adjacent frequencies are selected. That 1s, 1n this case, eight
sets of sound waves with frequencies, that 1s, (1) and (11) (11)
and (111), (111) and (1v), (1v) and (v) (v) and (v1), (v1) and (v11),
(vi1) and (vin), and (vi1) and (1x) are selected and the phase
differences therebetween are calculated. As described with
reference to FIG. 6, the difference between the frequencies 1s
substantially constant, that 1s, about 117 Hz. The phase dii-
ference between the sound waves 1n each of the eight sets 1s
used to calculate the distance between the wearers. That 1s,
cight sets of the sound waves with frequencies are selected to
obtain eight phase differences. In addition, 1t 1s possible to
calculate eight distances between the wearers from the eight
phase differences. In this exemplary embodiment, 1t 1s
assumed that the calculated eight distances are used as the
provisional distances between the wearers and the average of
the provisional distances 1s used as the final distance between
the wearers. The averaging of the provisional distances makes
it possible to accurately calculate the distance between the
wearers.

Even 1n the method of according to the related art which
acquires the phase of the sound wave propagating from the
wearer A to the wearer B to calculates the distance between
the wearers, it 1s possible to improve the accuracy of the
distance between the wearers by acquiring the phases of the
sound waves with plural frequencies. However, 1n this case,
the band of the selectable frequency of the sound wave 1s not
wide. That 1s, when a high frequency 1s used to calculate the
distance between the wearers, the following problem of a
periodic solution occurs. Specifically, when the pitch of the
periodic solution 1s too small, it 1s difficult to determine a
correct solution. Therefore, the number of selectable frequen-
cies 1s reduced. As a result, when the distance between the
wearers 1s calculated, there are limitations 1n improving accu-
racy. In contrast, in this exemplary embodiment, since the
frequency difference between the sound waves with different
frequencies 1s used, 1t 1s possible to combine sound waves
with high frequencies and thus obtain various combinations.
Theretore, the above-mentioned problem does not occur.
Description of Periodic Solution

Next, the periodic solution will be described. FIG. 12 1s a
diagram 1illustrating the periodic solution. In FIG. 12, the
horizontal axis indicates the actual distance between the
wearers. The vertical axis indicates the distance between the
wearers which 1s calculated by the method according to this
exemplary embodiment. For example, when the actual dis-
tance between the wearers 1s 2 m, 1n some cases, the distance
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between the wearers which 1s calculated by the method
according to this exemplary embodiment 1s -3.8 m, —0.9 m,
4.9 m, and 7.8 m 1n addition to 2 m. The phase difference
between two sound waves with different frequencies 1s
between 0 and 2. When the phase difference 1s shifted by one
period, it returns to the original value. Therefore, whenever
the phase difference 1s shifted by one period, each solution 1s
obtained. In FIG. 12, since the length of one period 1s 2.9 m,
the periodic solution 1s obtained at a pitch of 2.9 m. In this
exemplary embodiment, 1t 1s necessary to select the correct
solution from the plural solutions. As an example of a method
of selecting the correct solution, the following method may be
used: a method of excluding an excessively short distance or
an excessively long distance as the distance for conversation
between the wearers to calculate the distance. In this way, 1t 1s
possible to select an appropriate distance of 2 m.
Calculation of Distance Between Wearers-Third Exemplary
Embodiment

In this exemplary embodiment, the following method may
be used as the method of selecting the correct solution from
the periodic solutions. In this exemplary embodiment, a
method different from that shown in FIG. 11 1s used to select
the frequency from the sound waves of the spoken voice,
which makes 1t easy to select the correct solution from the
periodic solutions. FIG. 13 and FIGS. 14 A and 14B are dia-
grams 1llustrating an example of the method of selecting the
correct solution from the periodic solutions. Among the draw-
ings, FI1G. 13 1s a diagram 1llustrating a second example 1n
which three or more sound waves with different frequencies
are selected from the spoken voice, each of the sound waves
with different frequencies 1s used to calculate plural phase
differences between the sound waves. FIG. 14A 1s a diagram
illustrating the periodic solutions calculated in this way. FIG.
14E 1s a partially enlarged view of FIG. 14A. As shown 1n
FIG. 13, 1n this exemplary embodiment, three sets of sound
waves with frequencies are selected. That 1s, a set (set 1) of
sound waves with frequencies represented by (1) and (11), a set
(set 2) of sound waves with frequencies represented by (111)
and (x), and a set (set 3) of sound waves with frequencies
represented by (v) and (x1) are selected. The frequency dii-
ferences between the three sets are 117 Hz, 19.5 Hz, and 58.6
Hz. Then, the distance between the wearers 1s calculated for
cach of the sets.

When the three sets of frequencies are used to calculate the
distance between the wearers, as shown 1n FIG. 14A, the
frequency difference for each of the sets 1s different and the
period of the obtained solution 1s also different. Specifically,
in the case of the set of (1) and (11), the period 1s 2.9 m. In the
case of the set of (111) and (x), the period 1s 17.4 m. In the case
of the set of (v) and (x1), the period 1s 5.8 m.

In this exemplary embodiment, a point where three sets of
periodic solutions are substantially equal to each other may
be considered as the correct solution. That 1s, 1n FIG. 14A,
among five groups, that 1s, groups (1) to (V), the group (I11I)
where three sets of periodic solutions are substantially equal
to each other 1s determined to be the correct solution.

FIG. 14B shows the obtained solution and the allowable
error at the point which 1s determined to be the correct solu-
tion. The allowable range 1s £50 cm from the actual distance.
As can be seen from FIG. 14B, only the set of (v) and (x1) 1s
beyond the allowable range. It 1s considered that this 1s
because the selected frequency difference 1s too small. When
the selected frequency difference 1s too large, the pitch of the
periodic solution 1s too small and 1t 1s difficult to determine
the correct solution. Therefore, 1 this exemplary embodi-
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ment, the selected frequency difference 1s pretferable in the
range of 10 Hz to 300 Hz and more preferably in the range of
>0 Hz to 150 Hz.

In the set of (v) and (x1), there 1s a large error in the
calculated distance. Therefore, 1t 1s considered that a value for
the set 1s defined as an ‘“uncertain value” and the correct

solution 1s selected without using the value. As another
example 1n which the “uncertain value” 1s excluded, there 1s
the following example. In FIG. 14A, 1n the group (I), the
group (111), and the group (V), the periodic solutions of the set
of (1) and (11) and the set of (111) and (x) are equal to each other.
In the group (I) among the groups, the distance for conversa-
tion between the wearers 1s too long and the solution of the
group (V) 1s a negative value and 1s not the actual value.
Therefore, the group (1) and the group (V) may be excluded.
Thus, the group (1II) may be determined to be the correct
solution.

As such, 1n this exemplary embodiment, plural phase dii-
terences with different values are used to exclude the “uncer-
tain value”. The provisional distance with high accuracy 1s
selected from the calculated plural provisional distances and
1s used as the distance between the wearers.

Calculation of Distance Between Wearers-Fourth Exemplary
Embodiment

In the above-mentioned example, the distance between the
terminal device 10A and the terminal device 10B 1s measured
to calculate the distance between the wearer A and the wearer
B. Strictly, the calculated distance 1s not equal to the distance
between the terminal device 10A and the terminal device
10B. FIG. 15 1s a diagram 1illustrating the relationship
between the distance between the terminal device 10A and
the terminal device 10B and the actually calculated distance.
The voice spoken from the mouth (speaking part) of the
wearer A propagates a distance L1 and 1s captured by the
microphone 11 of the terminal device 10A of the wearer A.
The voice spoken by the wearer A propagates a distance 1.2
and 1s captured by the microphone 11 of the terminal device
10B of the wearer B. Theretfore, the distance calculated on the
basis of the voice spoken by the wearer A which 1s captured by
the microphones 11 1s L2-L1. The distance 1s different from
the distance (the distance between the microphones 11) AL
between the terminal device 10A and the terminal device
10B. However, since there 1s a small difference between
[.2-1.1 and AL, L.2-L.1=AL 1s established. In this case, there
are few problems.

The following method 1s considered to correct the ditfer-
ence. First, a triangle formed by connecting the mouth
(speaking part) of the wearer A, the microphone 11 of the
terminal device 10A, and the microphone 11 of the terminal
device 10A 1s considered. It 1s assumed that the angle of the
microphone 11 of the terminal device 10A 1s 0 1n the triangle.
In this case, since 0 can be approximate to 90°, the following
Expression 1 is established:

AL=(L2°-L1)'?. [Expression 1]

The distance L1 1s substantially fixed and may be measured
in advance. The distance 1s added to the calculated distance
[.2-L.1 to calculate L.2. L1 and L2 are applied to the above-
mentioned Expression 1 to calculate AL. AL which is calcu-
lated by this method may be used as the corrected distance
between the wearers.

Description of Program

The process performed by the host device 20 according to
this exemplary embodiment described with reference to FIG.
10 1s implemented by the cooperation of software and hard-
ware resources. That 1s, a CPU (not shown) of a control
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computer provided in the host device 20 executes the program
for implementing each function of the host device 20 to
implement each function.

The process performed by the host device 20 described
withreference to FIG. 10 may be considered as a program that
causes a computer to perform a function of acquiring infor-
mation about the voices acquired by the microphones 11 and
12 which acquire the voice and are worn by the first wearer
and the microphones 11 and 12 which acquire the voice and
are worn by the second wearer from each of the wearer and a
function of calculating the distance between the first wearer
and the second wearer on the basis of speaker 1dentification
information, which 1s information for determiming whether
the voice acquired by the microphone 11 and 12 worn by the
first wearer and the voice which 1s the same as that acquired
by the microphone 11 and 12 worn by the first wearer and 1s
acquired by the microphones 11 and 12 worn by the second
wearer are spoken by the wearers or other persons, and the
phase difference between the sound waves with plural fre-
quencies icluded 1n the voices.

EXAMPLES

Next, examples of the imnvention will be described 1n detail
below. However, the mvention 1s not limited to the examples
as long as 1t does not depart from the scope and spirit thereof.
Evaluation Method

The wearer A and the wearer B wear the terminal device
10A and the terminal device 10B, respectively, and the dis-
tance between the wearers 1s calculated while the distances of
the wearer A and the wearer B are changed. Specifically,
sound waves with frequencies of 117 Hz and 234 Hz repre-
sented by (1) and (11) 1n FIG. 11 are used and the phase
difference between the sound waves with the two frequencies
1s used to calculate the distance between the wearer A and the
wearer B.

Evaluation Result

The result 1s shown 1n FIG. 16. In FIG. 16, the horizontal
axis 1s the actual distance and the vertical axis 1s the distance
calculated by the above-mentioned method. FIG. 16 shows
the relationship between the actual distance and the calcu-
lated distance. As can be seen from FIG. 16, it 1s possible to
accurately calculate the distance between the wearer A and
the wearer B 1n the range of 1 m to 3 m. The error of the
calculated distance between the wearer A and the wearer B 1s
within 18.2 cm.

The foregoing description of the exemplary embodiments
ol the present invention has been provided for the purposes of
illustration and description. It 1s not intended to be exhaustive
or to limit the invention to the precise forms disclosed. Obvi-
ously, many modifications and variations will be apparent to
practitioners skilled in the art. The embodiments were chosen
and described 1n order to best explain the principles of the
invention and its practical applications, thereby enabling oth-
ers skilled 1n the art to understand the invention for various
embodiments and with the various modifications as are suited
to the particular use contemplated. It 1s intended that the
scope of the invention be defined by the following claims and
their equivalents.

What 1s claimed 1s:

1. A voice analyzer comprising:

a voice mformation acquiring unit that acquires informa-
tion about a voice acquired by a first voice acquiring unit
and a second voice acquiring unit,

the first voice acquiring unit being worn by a first wearer
and the second voice acquiring unit being worn by a
second wearer, and
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the first voice acquiring unit having a first microphone and
a second microphone, the first microphone being posi-
tioned closer to a mouth of the first wearer than the
second microphone; and

a distance calculation unit that calculates a distance
between the first wearer and the second wearer based on:

(a) speaker 1dentification information, which 1s informa-
tion for determinming whether the voice 1s spoken by
the first wearer, the second wearer or another person,
wherein

when a sound pressure ratio of the first microphone to
the second microphone 1s greater than a threshold
value, the voice 1s determined to be a voice of the first
wearer, and

when the sound pressure ratio 1s less than the threshold
value, the voice 1s determined to be a voice of the
second wearer or another person, and

(b) a phase difference between sound waves with a plu-
rality of frequencies included 1n the voice acquired by
the first voice acquiring unit and the second voice
acquiring unit, the sound waves including a first
sound wave 1ncluded 1n the voice of the first wearer
and a second sound wave 1included 1n the voice of the
second wearet,

the distance calculation unit calculating the distance
when a voice of the second wearer 1s substantially
synchronized with an on and off timing of a voice of
the first wearer.

2. The voice analyzer according to claim 1,

wherein the distance calculation unit calculates the dis-
tance between the first wearer and the second wearer by
using the phase difference as a phase signal.

3. The voice analyzer according to claim 1,

wherein the distance calculation unit calculates provisional
distances between the first wearer and the second wearer
on the basis of a plurality of phase differences and uses
an average of the plurality of provisional distances as the
distance between the first wearer and the second wearer.

4. The voice analyzer according to claim 2,

wherein the distance calculation unit calculates provisional
distances between the first wearer and the second wearer
on the basis of a plurality of phase differences and uses
an average of the plurality of provisional distances as the
distance between the first wearer and the second wearer.

5. The voice analyzer according to claim 1,

wherein the distance calculation unit calculates provisional
distances between the first wearer and the second wearer
on the basis of a plurality of phase differences, selects
the provisional distance with the highest accuracy
among the plurality of provisional distances, and uses
the selected provisional distance as the distance between
the first wearer and the second wearer.

6. The voice analyzer according to claim 2,

wherein the distance calculation unit calculates provisional
distances between the first wearer and the second wearer
on the basis of a plurality of phase differences, selects
the provisional distance with the highest accuracy
among the plurality of provisional distances, and uses
the selected provisional distance as the distance between
the first wearer and the second wearer.

7. The voice analyzer according to claim 3,

wherein the distance calculation unit calculates provisional
distances between the first wearer and the second wearer
on the basis of a plurality of phase differences, selects
the provisional distance with the highest accuracy
among the plurality of provisional distances, and uses
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the selected provisional distance as the distance between
the first wearer and the second wearer.

8. The voice analyzer according to claim 4,

wherein the distance calculation unit calculates provisional
distances between the first wearer and the second wearer
on the basis of a plurality of phase diflerences, selects
the provisional distance with the highest accuracy
among the plurality of provisional distances, and uses
the selected provisional distance as the distance between
the first wearer and the second wearer.

9. A voice analyzer comprising:

a voice acquiring unit that acquires a voice and 1s worn by
a wearer,

the voice acquiring unit having a first microphone and a
second microphone, the first microphone being posi-
tioned closer to a mouth of the wearer than the second
microphone;

a speaker identification unit that determines whether the
voice acquired by the voice acquiring unit 1s spoken by
the wearer or another person, wherein

when a sound pressure ratio of the first microphone to the
second microphone 1s greater than a threshold value, the
voice 1s determined to be a voice of the wearer, and

when the sound pressure ratio 1s less than the threshold
value, the voice 1s determined to be a voice of the other
person;

a phase difference calculation unit that calculates a phase
difference between sound waves with a plurality of {re-
quencies which are included 1n the voice acquired by the
voice acquiring unit, the second waves including a first
sound wave included 1n the voice of the wearer and a
second sound wave included 1n the voice of the other
person;

a voice information transmitting unit that transmits infor-
mation about the voice including speaker identification
information from the speaker identification unit and
information about the phase difference calculated by the
phase difference calculation unit; and

a distance calculation unit that calculates a distance
between the wearer and the other person based on the
speaker 1dentification information and the phase differ-
ence,

the distance calculation unit calculating the distance when
a voice of the other person 1s substantially synchronized
with an on and off timing of a voice of the wearer.

10. A voice analysis system comprising:

a {irst voice acquiring unit that acquires a voice and 1s worn
by a first wearer, the {irst voice acquiring unit having a
first microphone and a second microphone, the first
microphone being positioned closer to a mouth of the
first wearer than the second microphone;

a second voice acquiring unit that acquires the voice and 1s
worn by a second wearer; and

a distance calculation unit that calculates a distance
between the first wearer and the second wearer based on:
(a) speaker identification information, which 1s informa-

tion for determining whether the voice 1s spoken by
the first wearer, the second wearer or a person other
than the first wearer, wherein

when a sound pressure ratio of the first microphone to
the second microphone 1s greater than a threshold
value, the voice 1s determined to be a voice of the
wearers, and

when the sound pressure ratio 1s less than the threshold
value, the voice 1s determined to be a voice of the
person other than the first wearer, and
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(b) a phase difference between sound waves with a plu-
rality of frequencies included 1n the voice acquired by
the first voice acquiring unit and the second voice
acquiring unit, the sound waves including a first
sound wave 1ncluded 1n the voice of the first wearer
and a second sound wave 1ncluded 1n the voice of the
second wearer,

the distance calculation unit calculating the distance
when a voice of the second wearer 1s substantially
synchronized with an on and off timing of a voice of
the first wearer.

11. A non-transitory computer readable medium storing a
program that causes a computer to implement the functions
of:

acquiring information about a voice acquired by a first

voice acquiring unit and a second voice acquiring unit,

the first voice acquiring unit being worn by a first wearer

and the second voice acquiring unit being worn by a

second wearer, and

the first voice acquiring unit having a first microphone and

a second microphone, the first microphone being posi-

tioned closer to a mouth of the first wearer than the

second microphone; and

when a voice of the second wearer 1s substantially synchro-

nized with an on and off timing of a voice of the first

wearer, calculating a distance between the first wearer
and the second wearer based on:

(a) speaker 1dentification information, which 1s informa-
tion for determining whether the voice 1s spoken by
the first wearer, the second wearer or another person,
wherein

when a sound pressure ratio of the first microphone to
the second microphone 1s greater than a threshold
value, the voice 1s determined to be a voice of the first
wearer, and

when the sound pressure ratio 1s less than the threshold
value, the voice 1s determined to be a voice of the
second wearer or another person, and

(b) a phase difference between sound waves with a plu-
rality of frequencies included 1n the voice acquired by
the first voice acquiring unit and the second voice
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acquiring unit, the sound waves including a first
sound wave included i1n the voice of the first wearer
and a second sound wave included un the voice 1f the
second wearetr.

12. The voice analyzer according to claim 1

the second voice acquiring unit having a third microphone
and a fourth microphone, the third microphone and the
fourth microphone being positioned at different dis-
tances from the mouth of the second wearer, wherein

when a sound pressure ratio of the third microphone to the
fourth microphone 1s greater than a threshold value, the
voice 15 determined to be the second wearer, and

when the sound pressure ratio 1s less than the threshold

value, the voice 1s determined to be a voice of a person
other than the second wearer.

13. The voice analyzer according to claim 12, wherein

the first microphone 1s arranged at a position that 1s about

30 cm to about 40 cm away from the mouth of the first
wearer,

the second microphone 1s arranged at a position that 1s

about 10 cm to about 20 cm away from the mouth of the
first wearet,

the third microphone 1s arranged at a position that 1s about

30 cm to about 40 com away from the mouth of the
second wearer, and

the fourth microphone 1s arranged at a position that 1s about

10 cm to about 20 cm away from the mouth of the second
wearer.

14. The voice analyzer according to claim 3, wherein a
frequency difference between the sound waves 1s in the range
of 10 Hz to 300 Hz.

15. The voice analyzer according to claim 1,

wherein the first microphone and the second microphone

are provided 1n a carrying strap, and the carrying strap 1s
configured to be worn around a neck of the first wearer.

16. The voice analyzer according to claim 1,

wherein the distance between the second microphone and

the mouth of the first wearer 1s about 1.5 to 4 times more
than the distance between the first microphone and the
mouth of the first wearer.
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